A prototype rf-beam-position, current, and phase monitor has been used on the 100-keV injector beamline of the racetrack microtron (RTM) where performance was measured with the chopped and bunched beam. This monitor works with both a pulsed beam and a cw beam. The pulsed beam consists of beam pulses with a FWHM of 40 ns. The rf beam monitor was tested with beam currents from -50 to 600 VA. The rf beam monitor will be described and its performance will be reported.
Introduction
A prototype rf beam monitor has been tested on the RTM's 100-keV injector beamline at the National Bureau of Standards (NBS) .' This beam monitor ( Probes in the cavities couple some of this beamexcited rf power out of the cavities. This rf power can be amplified, if necessary, and then analyzed by a double-balanced mixer (DBM) as shown in Fig. 2 Thus, the voltage out of the DBM will change sign if the beam is moved from one side of the center line to the other. Because the position monitor is square, there are two modes, TE102 and TE201, that can be excited by the beam. If the beam is displaced off the center line in only the horizontal direction, only one mode is excited and only the rf probes on the horizontal axis will couple to this mode. If the beam is displaced in the vertical direction, the other mode will be excited and the rf probes on the vertical axis will couple to this mode. This combination provides one signal that is proportional to current and two signals that are proportional to the product of the current and horizontal or vertical displacement. The absolute displacement in the horizontal or vertical direction then can be determined.
The For the position-monitor cavity, the shunt impedance is proportional to the displacement from the axis. The effective shunt impedance of the position-monitor cavity is 5 Q/mm2. The measurements of the effective shunt impedances include all losses, even those caused by the mismatch in impedance of the probes and coaxial cables. The effective shunt impedance also is reduced by loading the cavity for the wide bandwidth. With these values of the effective shunt impedance (ZT2), the rf power (P) out of the cavities can be calculated for an arbitrary beam current (I) and displacement from the axis (X). For the TMO0O cavity P = I2 * ZT2, and for the positionmonitor cavity, P = (IX)2 * ZT2.
RF Electronics
For a beam current of 600 VA, the total beam through a monitor cavity on the linac axis of the microtron is 9 mA, which is the maximum current for which the beam monitor will be used in the RTM and will give the maximum power of 81 mW out of the TMO0O cavity. This power is split in a 90°hybrid coupler with each output, -40 mW, going to a DBM, one for phase detection and one for amplitude detection. The rf input to the DBM must be restricted to less than 10 mW to prevent destruction of the DBM. Therefore, the rf from the TMOlO cavity must be attenuated by 6 dB.
The maximum power out of the position-monitor cavity would occur if all 15 passes were off the axis by 5 mm in the same direction. This is the maximum distance that the beam could get away from the axis because the radius of the accelerator bore is 5 mm. With this worst-case condition, the rf power from the cavity is 10 mW. The rf amplifiers will not be damaged with this much rf power on their input; there--fore, no attenuation is needed for their protection. If an amplifier with a gain of 11 dB and maximum output of 8 mW is used, the amplifier would saturate only if the average displacement exceeded 1.4 mm. The average position of the beam should be within 1.4 mm of the center line before a 600 pA beam is accelerated.
Therefore, rf amplifiers with a gain of 11 dB will be used to prevent saturation of the beam-position monitors on the linac axis of the microtron. On the injector beamline, the maximum current is only 600 VA, which will allow amplifiers with 31-dB gain to be used in the rf position monitors, and an ll-dB gain amplifier can be used on the TMOIO cavity.
Because the sensitivity of the position-monitor cavity is proportional to the current through the cavity, the dynamic range of the signals expected from the beam-position monitor is very large. Therefore, the gain of the rf amplifiers used in the system should be selected to provide maximum gain and yet not saturate at the maximum current expected. No dynamic, rf-gain adjusting is planned because such adjustment might cause phase changes that would complicate the use of the rf beam monitors. have video amplifiers with a gain of 10 to drive the long coaxial cables to the oscilloscope used to measure the signals. These amplifiers will reduce the effect of noise picked up on the long cables. In addition, ground currents in the coaxial cables, which would mask the small signals, will be reduced by isolating the electronics from ground at the rf beamposition monitors. The electronics will be grounded only through the shields of the coaxial cables. Shields of the cables will be grounded only at the oscilloscope used to view the signals. All the rf cables to the electronics will be connected through inside/outside dc blocks. Two probes are used for each polarization of the position monitors. The rf from the two probes are connected to a 1800 hybrid with equal-length cables. The phase of the rf coupled from a TE102 or TE201 mode by these probes differs by 180°. This rf power is combined and appears at the difference (a) port of the 1800 hybrid. Because the rf probes are strongly coupled to the cavity, these probes also pick up some rf power directly from the beam. The rf power picked up on the two probes this way is in phase and will appear at the sum ( ) port of the 1800 hybrid. This rf power could be used to provide the current and phase information if the cables were exactly the right length and the 1800 hybrid was perfectly balanced. However, this is not the case, and a small fraction of the power in the TE102 or TE201 mode is mixed in with the rf power that comes directly from the beam. This mixing will spoil the usefulness of this technique because the current and phase measured this way would not be independent of position. The 1800 hybrids and two probes are still needed for the position information because the direct rf power from the beam must still be subtracted from the rf that appears at the rf probes.
If this were not subtracted with the use of the 1800 hybrid and two probes, the electrical center of the cavity would not correspond to the physical center of the cavity. The two probes must be coupled as nearly equally as possible to minimize error in position caused by the contribution from the direct pickup of rf power from the beam.
Conclusion
The prototype rf beam monitor performed satisfactorily in tests on the 100-keV chopper/buncher beamline. The position detector was found to have <10 pm beam-position resolution with a 60O--pA beam and <20--Om resolution with a l00-pA beam. Linearity was checked over a t3-mm deflection range. The position measurements were found to be independent of beam size over a 2-to 4-mm range of diameters and were the same in all cases for cw or pulsed beams. lhe current monitor was found to have 8-NA resolution and was linear over the entire range of currents for both cw and pulsed beams.
The current monitor measurements also were independent of beam size. The phase detector had a resolution of less than 10 of rf phase, the limitation being the phase jitter present in the 100--keV beam (corresponding to 60-V peak-to-peak jitter in 100-kV power supply.) The phase measurements also were independent of beam size.)
